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1,0 BEERODUCTION 


This document is ong of a sequel of docummenks to AP-1011, System 


| Operational Capability, which was issued March 1964. This preceding . 
‘document AP-1011 pr 


a summary of (1) the applicable physics of 
the sun/earth/satellite/ camera system and, (2) the performance and 





programming capabilities for up to 30 day missicas. 


It is the intent of this document to describe the various ways that 
the J system can be used in achieving quantity and value of data, and to | 
quantitatively compare the yield of the area search and reconnaissance | 


information for each of eee ways. 


it ia to be recognized. that the J system can be utilized for purposes” 
other than emphasized in this document, (e. g. storage in orbit until target 
requirements are assigned, a single quick-reaction response, etc.). There 
are also ways of planning missioas in order to obtain data of maximur: 
quality which are still to be described. Subsequent addenda are to be issued 
as the near future covering these information areas. | | 


The quantitative evaleation presented hereia makes use of a hiaiaed 


‘ target/ operations model which produces an Index of Yield. This Index is 
a comparative measure of the efficiency of film usage. The higher the 


Index value, the higher is the yield of information per square foot of = 


‘operationally avaneDe on orbit. 


A Phase I study that has preceded this documentation delved into the 
mission concept, the system problems, and the constraints in relation to | 
maximizing the mission information yield potential. As a result of this 
Phase I study, means were determined for minimizing such problems and 
constraints. A general summary of these results are given herein, in 
Section 6.0, as the changes that would be required in the current system. 
and procedures in order to use these various methods of system application. 


In addition, this document presents, in Section 5. 4. 7, an example of 
how equivalent or greater information yield can be attained by trading off 
mission —_n for ayatem procedures. a 
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Operational is the capability thet is sought in order t! that the 
information yield of the J mission can be increased to the maximum ee. 3 


value. 


2.0 CAPABILITIES SOUGHT 


‘Yield of information is jwunareabie by an index number that represents 
the. total film square-footage which is cloud-free and is over ground areas 
of greatest information density and interest. Thus the system must be able 


Lom od fe iie ey ry eft. 2. Pe se “ AK 
a. ns ag ae re eo . ° ak 
a . e a ; - ._ #8 P 


2 a 
a oe : me 
se 


ry aes *. 


« 
4 


{ 
* Sua Oo aS 


ae “( {ym 


to select only those operations which have <—Ee predicted cloud cover 


. over specific areas of maximum value. 


_The operational flexibility sought must therefore be able to provide: 


ea io 


1, 


Launch in coincidence with a weather spans. 


Reaction on orbit to quickly and efficiently select payload 
operations in coincidence with favorable predicted local 
weather conditions. 


Required orbit parameters at injection end maintainance of 


- 


--,,. such parameters during the useful life on orbit so as to produce — 


Se 


' jeith instantaneous spa: 


operations of the highest quality (See AP-1011). 


A pattern of ground tracks, and maintain auch @ pattern during 


the useful life on orbit so that the greatest percentage of area of 


maximum vahue ' repetitively covered during a mission. 


Power conmereation and synchronism of the stored programs 
ition so as to allow extended 
useful orbit life for achieving coincidence of overfly over 


valuable area with an optimal weather condition. 
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3.0 CURRENT OPERATION CONCEPTS AVAILABLE © 


In the logical development of the area search and reconnaissance concept 
frem the previous single capsule M system to the two capsule, single D/R 
cycle J system, the final development steps to realize full system potential 
are still to be accomplished. However, the current system ne 
allows the following operation concepts: 


" 3. 1 The vehicle is active and stabilised from injection until first - 
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3.7 


+ control is limited to 4 or less. 


recovery initiation. The normal spen of time is 4 days for 
approximately 40 payload missioa- operations. | 


The vehicle can be maintained active and stabilized for a 


subsequent 4 days and 40 more payload mission-operations. 


The J mission is therefore accomplished in a continuous 


8 day, 80 Sra a eee ee een or eee errors 
recovery. 


The vehicle can be placed in 9 pitch-tumbling mode and 
deactivated immediately after initiation of the first recovery. 


‘ Power consumption during the deactive phase is in the order 
. of 130 watt hours per day. The number of deactivated days 


will depend on the next predicted favorable 4 day weather span. 
The maximum number of deactivated days possible is a : 
performance function, see AP-1011, and the adequacy of the 


. orbit parameters and the ground cover pattern. 


Reactivation must be accomplished at the same station at which 
deactivation was preprogrammed and executed. (See Figures | & 2) 
Payload: operation programming is optimized to permit de- 
activation after completion oday 3. 


For successive orbits not contacted by a@ ground station unique 
These successive un cted 
orbits range from one i — plane inclination of 90° to five . 
for 65° or 115". % | 
Prestored psylosa operations can not be changed, added to, or 
deleted except for system “off' or "intermix." Intermix is the 


“unique control referred to in item 3.6 and is the current method 


=". for selecting which orbits will have payload operating, which 


7. 


: @ne program will be executed, and whether the interval to the 


next command contact shall he stereo or mono. (See Figure 3). 
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_ 3.8 The programming of the first three days of operations is — 
based on possible + 30 period dispersions at injection. Ten 
stored programs are arrayed, including special — | 
for Wuleerenety and Indicator targets See Figure 4) 


.  :3.9 The gubsequent programming uses 10 programs arrayed within 
ae + 15° in longitude about the preprogrammed reactivation 
longitude. Program array is therefore used to “a longitu- 
_ dina di oeaaieamncraa (See Figure 4). 7 
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4.0 METHODS OF SYSTEM APPLICATION - 


ee sce 4. 1.1 Cover _ = 

oe _ ‘Po be useful, Pp or ee : 

Jae ne value. Orbital parameters must therefore be initially 
: o achieved, and subsequently controlled, to allow one — 
oo re - ‘or more passes over the maximum percentage of area 

car 2 ee ee ee eee or cnet | 


coche 2 Acquisition 


Command ‘and control capability must aificiently match | 

the longitude and latitude spans of area-of-value on any 
orbit to the complete exclusion of any undesired operation. — 
. Each operation and the mode (stereo c or ae must there- 
vow cutive. + ‘fore be individually selectable. 


4.1.3 ‘Qhservalion 


» | . 





— | The vehicle must have payload loaiiaial capability with 
eo ak, Sen ae eee -.. Cover coincident with the most favorable local weather _ 
oe wt. gnditioas over areas. of value. Observation therefore 
ex tee6 aa ee requires an extended useful time | on orbit and the necessary 

eu ee ee Bs me aracinaiers - 


_ There are four basic strategies that can be applied singly or io 

» .... aay combination and permutation, ‘and the system must be capable 

of accomplishing any of the four in accord with what is the most 
practical for the conditions. encountered. These are illustrated 
in Figure 3.. 


“These four tae ; cabanas are; of which the first two are within 
the capabilities of the system as currently — 
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_ ‘The conditions which govern the choice of strategy are time of 


year and weather conditions. Winter time eliminates the 
possibility of photographing the northern latitudes due to the 


‘hao een, This reduces the number of payload 
. , operations available from which selections can be madeto _ 
maximize information yield for a given square footage of film | 






er pay opera 
.: - Can be made. Summer time has neither lmitatioa providing that 


orbits are properly tailored and coatrolled. 


se . weaitiee’ conditions: govern the strategy at any time between pre- 


launch to on-orbit: As will be shown, timely reaction can 
optimize the total yield of information, if the launch and a 
favorshie weather span are coincident. — 


If @ highly favorable span of 4 days is matched by the launch, a 

high yield will result for the first 40 operations. If the condition: 
persists, a continuous 8 day operation would be carried out rather 
than gambling on a future condition that. may not afford a much 
greater yield. If the condition does not persist, deactivation would 
follow first recovery with subsequent 40 operations in a continuous 
reactivated period or by multiple D/R. This subsequent mode would 
be determined by whether future predictions _— a reasonable 
fixed — or a Muctuating pattern. | 


i oe can fal be coincident with a liceraile: span of 4 days then 


MMe - the vehicle could be put into a-deactivated mode with a 4 day 
" _: operation for the first 40 operations at a fovorable time, or all 


subsequent 80 operations can be accomplished by multiple D/R 


. when ah aaa - a vera peters oom net occur. 


As wkll be shown by the eeuiher “model, the wisi percent clear 


- sky over the entire gross area of imerest does not vary much (7%) 


between all four seasons, ‘but some climatic regions show con- 
siderable seasonal difference. Climatic regions whose areas are | 
very dense with valuable inforafation will thersfore yield radically 
different quantities ‘of information if the cloud cover varies con- 
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. An index of the yield of information was created in order to | 
in. quantitatively establish the comparative gains from the methods | 
-+ |. @fJ. system application: in principle it is a summation of numbers 
i, ee that are the product of the percent clear sky at the time of a payload | 
-  @peration:and the information value of the area. These values of | 
| faterest range from one te 22 and are primarily representative of 
the conay of infermation within a given area. a 


_ 5.1 IndexofYislg ., = 


tt ts recognized that a true interest value would fluctuate with 
turrent events, and a value of "one" on one mission can rise to a 
value of 1,000" on the next mission. However, the evaluation of 
‘system use is aimed at area seareh‘and reconnaissance, rather 
. + than tactical use. & is therefore ennege of information 
e density. sich: , 

This Index of Yield reflects the fact that 1 a nee greater 
yield of information is obtainable from a high density area with a 
small percentage of clear sky than from a low density area with | 

'. @ large percentage clear sky. Repetitivé photography over these - 
' . high density areas is considered as desirable as long as the time 

‘ interval between sequential covers is long ‘enough to assure 
statistical tadependence of the local weather conditions across | 
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2 useful ge on orbit, an o 





i, echilibatcotal ea been derived at LMSC haned caren data 
a, O&! supplied by the USAF Climatic Center of daily observations at 
ae noon for the peried“1957 through 1960: As shown in Figure 6, 
5 °C the area of interest is devided into 12 climatic regioas. These 
areas differ in the.climatic conditions throughout the 4 seasons 
_ and in total area contained. However, the entire area in each 7 : 
region is not of {nterest on every To reflect a weighting pie. we. 
" “ai to contained interest, “specific 5.x S areas were were givencom-: == 


Yet: parative iaformation values reflecting density of information. As 

“7° * 7". + * shown in'the table of Figure 8; ‘the ‘result is that from 21% to 94% 

_ ; _., of the region areas are valued at tT one or more. 
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ace For each operating ay there is a total of the informatica values 
“7D. (numbers in the 6” x 5” blocks that the orbit crosses) for. each of 
7 .: the climatic regions. 


- For each season of the year there is a statistical probability of 


. .: percent clear sky. As shown in ra 7, three values of clear 


aky are —, 


id ae ° + 
< ° Ce 


| A= 0-30% dees sky tivn'erg.) 
a B =. 30-60% clear sky (45% avg.) 


=" a C = 60-100% clear sky (80% avg.) 


Figure 7 tabulates the average number of days per month as the 
frequency of occurance. Making a random selection based on 

these statistics, a model was chosen for a 30 day period for summer, 
Figure 8, and winter, Figure 9. This model gave a percent clear 
sky value for each of 30 days for each climatic region. This percent 
clear sky value multiplied by the summatioa information value for | 


— . renee sade acreosdaeh bn 3.3 





represented the index of yield. For an 8 day period the highest 
values for 80 operations were selected. For multiple D/R, the 

_ highest 80 operations were neces out of the total for from 8 to 
80 days. a a | a 


5.3 Test of Model - | °: } | 
oS [ir ie ad eich aie adine eeene kidaled 
operations against 162 and 241 Program stetistica: 


§.3.1 1 Qpesations per Grbt 


Statistics ghow that the distribution of opsiations . 
_ | were as follows: a ee eh ie ee ; 
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ae .. 30-40% were two operations per orbit i ay 
“+ 10-20% were three operations per "orbit - 
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Simulated operations, using the model, pies 
‘Spring — " Summer 





eee ee ee | 
an average of 10 per day. — | | 


one suai . 61% 52% 
a re _two operations 36% ° 38% 
ae ei - three operations Sh: | 12% 
Fee $.5.2 Operations per Day oe | 
“tae Choosing the highest index of information yield over a 


5.3.3 Average Cloud Clear Percentage ' te 


The randomly chosen 30 day model (Figure 8) shows an 
average of 30% cloud clear over the entire 12 climatic 
regions as against the statistical average of 34.3% for 
‘summer, over a 30 day period. - 


5.4 Comparison of Information Yield ve ee 


a Oe se Using the Index of Yield, a comparison has been made of the 
Peo? information yield for the various strategies, between summer 
as ee and winter operations, and between a descending node only 

ae oa soperer ay ae oa esceme Sos eer 


: i 4 Sa ee + 


* 


Fundamental to the comparison is the diterintanciod of the age 
to-day a ‘This is illustrated by rece 10 for summer. 
The desc node only shows a persist 







Teie oP - > oe amie oy |: ay jays o he 4 4 
day cycle over & 30 day period, wt ea aa 


The difference in the daily yield between summer and winter 
is illustrated by Figure 11. Of particular interest, beside the 

- Greater yield in summer, is the random variance of the yields 
of each of the 4 days of the 4 day cycle over a 30 day period in . 
winter reflecting to some extent the decrease in valuable areas 
available for observation due to aan of anion | 


| . The 4 day active sacked is the basic, or pe strategy and 
a ie ae its yield is the sum of 40 operations with more or less than 10 
; performed each day selected as to the highest predicted yield. 
. This 4 day, 40 operations represents the first capsule capacity, 
wy | and two such periods make up the 8 day saat or the 4 
: single cycle D/R. . 
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5.4.3 Strategy - 4 Day Continuous 





. The significance here is that of coincidence of 4 days operations 
with a favorable weather phase. The comparison here is one 
of comparing Indices for different days of launch during a 30 
-day period: Proper coincidence te match prediction can provide | 
. ahigh gain. Coincidence is attainable with a timely launch, or. 
ee ne ee ey ee 
interval. 


‘In winter the sznstitvity to ‘ek ‘iis is not as great as 
_ in cummer for Resoiael vaeter conditions. bi 


" Wacalsieace of a favorable weather phase would demand the 
coutinuance of active operatiens. The prediction would be 
for better than nominal conditions persisting over areas of | 
high value so that the deferrment of the second 4 day operation 
| ae risk. 
' Since selections of the 80 operations are ) inde over twice the 
; the time interval that 40, operations are selected,. weather... . .. 
conditions will be averaging out and variations in the value of - 
the Index ¥ e.g 












5.4, 5 Strategy - Single Cycle D/R 


The fundamental here is the attainment of a high value for | 

the first 40 operations by launch timing (favorable weather 

forecast) otherwise the total Index for 80 operations is 
initially anc irretrieveably biased downward. As plotted. 





y | 
total, starting with an 8 day back-to-back, was added as a 
function of time of deactivation (zero to 22 days}. Winter 
again shows considerably less sensitivity to day of launch 
than summer since there is 30 little selectivity for the 
80 operations: | 


Two significant things can be seen. First, a winter operation | 
yields, on the average, the same for an 8 day coutinuous as 
it does for a single cycle C/R. In summer, the single cycle 
D/R can yield significantly more as a strategy used when the 
favorable first 4 day phase does not persist to allow a 
continuous 8 day operation. This yield increases when 


— a a valuea attainable over a 30 day span 


indicates that, on the average, satisfactory yields are attain- 
able for the 80 operations within about a 15 day span of useful | 
life on orbit for nominal conditions for this one strategy. 


3.4.6 Strategy - Multiple D/R 


The ultimate gains achieveable are through the strategy of 
multiple deactivation and reactivation and target selectivity 
(Section 6.0). In this strategy the vehicle, to conserve ~ | 
power and extend its useful time on orbit, is activated only for 
intervals when cover of a valuable area and a favorable local 
weather condition coincide. This interval would be for not 
less than 4 total orbits. 


-30- 


In Figures 12, 13, 17 and 18, the step function for the 


- multiple D/R Index is the calculated numerical maximum 


possible by selecting the highest 80 values out of the total 
available inx days. Near-lineagrity of increase is the 
characteristic ef thia maximum possible. However. the. 
practical achieveable, or most probable, is non-linear 
and is estimated to be as shown. Human decision and 


forecasting confidence limits the probability of correct | 


decision for maximizing the yield of information to the 50 
to 60% point in 30 days. However, good decision-making 
is possible for the first 12 to 15 days. Inspection of the | 
numerical values and their selective rejection led to this 
evaluation and the construction of the "most probable” 


value curve. 


| - On the average it appears that significant yield are 


attainable up to about 20 useful days on o-bit beyond which 
additional significant gains represent a lower confidence 
and a greater risk. This, at best, Es an estimate. 


Trade Off - Example Of 


It is obvious that the yield of information is vaieied Bee 

both selection of the best strategy and by tailoring the orbit | 
during the seasons when auch tailoring is possible. However, | 
all the characteristics of such an optimization may not be 


attractive. Of interest, therefore, is the possibility of 


achieving a lower than maximum value of yield in trade for 
a a specific consideration. | 


The greatest interest is in reliability. The intent here would 
therefore be to trade some of the yield for a greater confidence 
in mission success. The desire would be to cut the number of 

. days on orbit to a minimum and to apply the least complex 
operational procedures. 
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2. An 8:day back-to-back operation is made, 
coinciding lauach with a favorable 8-day 
weuther phase. 


3. An efficient operations select uystem is used. 

4. A single cycle D/R capability. a programmer 
slew controller. and 2 retro rockets for orbit . 
control ere available, to be used if required. 


This 8 day back- -to- bace corer described has the | 
followi ag potentials: ie 





The simpler 8 day back-to-back strategy gives up in trade the 
following yields:. 





The trade values determined herein are based on a system 
capable of efficient operations selection. 
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6.0 MEANS FOR REALIZING MISSION YIELD POTENTIAL, . 

The means under discussion in this document relate to minimal choages 
to current hardwares and procedures only. The determinution of these means 
was arrived at through detailed studies now documented in an 8-3/2 x 11 . 
briefing aid ‘Current Command System Improvement’. June 1964 (Special 
Handling). This briefing aid was derived after a thorough Phaze I operations 
research and system analysis aimed at establishing the mission concepts. 
the current system capabilities. problems and constraints, the definition of 
system and mission potentials. aad the approaches to problem solutions. | 


6.1 


6.2 


Operations Selectivity System | 
This is, in principle, a means to in-flight store, by RTC, the 


selection of payload operations by deleting prestored operations 

for which undesirable weather predictions are mude or. to eliminate | 
redundant operations for a verified good weather condition on a 
previous operation over the same area. 


The selection storage capacity should be for 6 operations for 5 
consecutive orbits (bundle of consecutive uacontacted orbits it 

{ = 60 The selection system should be flexible to sllowa 
greater ‘number of operations for a smaller number of consecutive 
orbits (up to the 30 total for one orbit) so that, for tactical use, © 
a single stored program can be run in long continuity or in small 
select segments; or. current long continuous payload operations 
can be segmented if desired. The system is to be fuil-sufe in that 
failure or shut off of the select system results in execution of all 
the stored operations. 


This system, changing the current payload logic, can first of all 
gain 6 to 13% in efficiency of film use by preventing unnecessary 


operations. Additional information yields have already been 


presented. This select aaa is fundamental to attaining gach 
yields. | 


Pa ayload Operations Programming 


A single and considerably universal sae program can be pre- 
stored on the programmer tape from which the recommended select 
system can maxe its in-flight selections. Three more progra:ns 
would be added to tace care, individually, of Indicator, Vulnerability, 
and Tactical area targets. The four programs would replace the _ 
curgent ten programs.- This philosophy of programming and selection 
should reduce the programming sensitively to launch delays. 
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“8: § Lanach R eaction : | 
a The analyses have indicated that considerable change in yield can 


6.3 Programmer Slew Control 


To achieve the information yields which the system is capable 
of providing, it is necessary te add a contrel te use the current 
/. . * programmer capability to slew the programmer tape at 20 times 
+ - normal speed. This slew will allow the synchronization of the 
-.- , stored payload programs (and station contact operations and other 
payloads) with the longitude. and latitude, where large deviations 
‘result from injection deviations, orbit decay, multiple station: 


D/R command and. multiple D/R operations. | 


_ Adding this control eliminates the need for building the means of 
longitudinal synchronization into the peyload program oe oo 


(See Figure 4). 
6.4 Orbit Contra) 


For extended =e on orbit (up to 30 as, & means of orbit 


control is needed to maintain the ground tracks within a reasonable 
' pattern envelope so that cover occurs over the greatest percentage _ 


of the areas of greatest value. Considering that the Sth day 


asynchronous pattern is the most applicable, means such as simple | 


rocket firings by RTC command, based oa operational ephemeris 


determinations, will maintain synchronism within a desired envelope. 


occur during a 24-hour interval. The ability to launch and deactivate 
until an oncoming’ acceptable weather phase occurs is a gain, but it 


eee rere eee ee eer rennet oe eee 


"6.6 ‘Mu @ Station Bi RCo and 


‘This capability aiicee the use of the control for the slew of the 
programmer tape. Multiple station D/R takes constraints off of 
D/R operations and the reaction time from a deactivated to an. 
activated mode (3 hours) except through the — of uncontacted 


orbits due to the station lecations. 


ae 6.7 ‘Multiple DR -. a ; in , = 0% ‘, : ‘7 
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The first development of sonittpte. DIR sheild be a two-cycle D/R 


mo 
wea 


capability in order to allow the start of any operations to be deferred 
until any number of days after injection into orbit «cPhetuse.ef ise cf 


_ the control of programmer tape slew is very desirable. | 
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The second development would be for an ability to call up the 
vehicle to an active status fer periods as short as 4 orbits. 
Since the current deactivated mode is ose of pitch-tumbling, — 
a means of maintaining attitude control — fer vwptto: 
30 days is needed. 
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6.8 Attitude Contral ’ = 


One of the principal uses of attitude control during the entire 
useful time on orbit weuld be for mingmiszing the drag decay of 
the orbit. Ina pitch-tumbling mode the orbit deteriorates at a 
rate three times that of a stable vehicle. The resulting changes 
in synchronism detrimental to informatieas yield ‘would occur in 
fewer days resulting in shorter useful times on orbit and would 
require orbit control. For the long useful times on orbit, greater 
. expenditures of energy would be required for orbit control. 
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“Opevaiipan are considerably simplified if attitude control is 
maintained when several D/R cycles are used. 


